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ABSTRACT 


Background: Accurate diagnosis remain key to effective intervention of endemic and pandemic diseases even up 
to the developed world. Despite availability of many high-quality diagnostic tests for immunosuppression in the 
developed countries, they are neither available, affordable nor accessible in rural communities of Africa. Clinical 
diagnostic surrogate biomarkers may be suitable alternative. 


Objective: To evaluate oral clinical manifestations as biomarkers of immunosuppression in apparently healthy 
population of Human Immunodeficiency Virus (HIV) infected patients in resource poor Masaka, Mbarara and 
Rukungiri districts, of South Western Uganda. 


Methods: Visual oral inspection of 304 apparently health and HIV seropositive patients attending the AIDS Support 
Organization clinics in study districts of Uganda was done to detect and establish oral biomarkers associated with 
immunosuppression in HIV disease. Standard methods were used to reconfirm the HIV sero-positivity status and 
clinical staging of oral manifestations of consenting clients. 


Result: Figures 1-22 shows representative 304 oral manifestations of research participants. Figures 1-5 depicts 
140 (46.1%) pseudomembranous candidiasis. Figures (6-9) depicts representative photographs of 53 (17.4%) 
erythemathous candidiasis (Figures 7 & 8) and also 63 (20.7%) shows erythemathous candidiasis found co-infecting with 
pseudomembranouse candidiasis in (Figures 9 & 10). Figure 10 shows linear gingival erythemathouse banding. Figures 
11-15 shows Karposi sarcoma developmental stages and Figure 16-18 shows 7 (2.3%) Angular cheilitis. Figure 19 
shows 3 (1.0%) aphthous ulceration of anterior portion of the tongue. Figure 20 shows 1 (0.3%) Acute necrotizing 
ulcerative gingivitis (ANUG) while Figures 21 & 22 shows 10 (3.3%) intra-oral pigmentation. 


Conclusion: Visual oral inspection of apparently healthy HIV seropositive individuals revealed different oral 
manifestations that may serve as diagnostic oral biomarkers of immunosuppression in apparently healthy but HIV 
infected population in Uganda. Poor resources drive the need for available and affordable diagnostic tools for 
improved and effective intervention. 
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INTRODUCTION Normal biological processes, clinical manifestation [2,3], pathogenic 


_ processes [4] or pharmacological responses to a therapeutic 
A biomarker may be defined as an observable characteristic that can 


: : intervention [5]. The use of biomarkers in diseases management, 
be accurately measured and assessed as a pointer or predictor [1] of: 


to determine new treatment outcome or new strategies of clinical 
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management [6], may be based on recent advances in molecular 
sciences and imaging techniques. In the active search for new 
biomarkers, many potential candidates can be considered side by 
side in a randomized battery of experiments which may eventually 
yield few positive results [7]. Search for biomarkers is a continuous 
process involving de novo investigations capable of a paradigm shift 
in current approaches to human health philosophies. In resource 
poor settings, use of clinical biomarkers in disease management 
may be better than basing management of disease on presumptions 
with no scientific backing. This is because biomarkers can indicate 
health, pathology, or response to treatment, including unwanted 
side effects and can act as surrogates or substitutes for clinically 
meaningful endpoints [8]. Biomarkers of disease can also be 
diagnostic or prognostic, including capacity to quantify the risk of 
developing a certain disease, surrogate diagnostic biomarkers can 
serve as tool to improve the standard of care and reduce the costs 
of diagnosis [1,4]. 


Although many resources limited African countries have scaled 
up the fight against chronic endemic debilitating diseases such as 
HIV and associated opportunistic infections impacting on their 
morbidity and mortality database [9,10], significant number of 
people still fall sick, deteriorate and die without proper care. This 
may be due to poor health resources and limited diagnostic services 
with its obvious impact of increasing the number of populations 
with an unknown disease (HIV) status. Every country has got its 
own strategy to ensure available health resources are distributed 
even to hard-to-reach local rural communities [11]. One common 
uphill task is to provide sustainable health facilities in remote rural 
communities so that the few experts or professionals that may 
decide to work there will see the basic settings to help the sick 
people. Effective disease diagnosis remains the bedrock of effective 
intervention thereby making diagnostic facilities key to effective 
healthcare delivery services up to the extent of being ready to face 
outbreaks. 


There is extensive literature about oral microbial lesions and 
manifestations associated with HIV infections in all age groups. 
Going by the magnitude of devastation associated with over 5 
decades of Human Immunodeficiency Virus (HIV) infection, the 
need for surveillance to update existing database regarding HIV 
disease diagnosis cannot be overemphasized especially in resource 
limited and hard-to-reach local communities of Africa. Delineation 
and mastery of oral manifestations as surrogate diagnostic 
biomarkers by all/many cadres of healthcare service providers 
in rural had-to-reach and resource poor local communities may 
impact on the capacity to effective roleback the over 5 decade 
long sustained escalation of HIV pandemic in many developing 
countries [12,13]. Although many HIV/AIDS diagnostic tests are 
available in many cities, they are neither available, affordable nor 
accessible to healthcare services providers in rural communities 
of developing countries. This study was designed to describe in 
details all oral manifestation and signs which represents surrogate 
diagnostic biomarkers of immune suppression in apparently 
healthy but HIV infected population seeking healthcare in The 
AIDS Support Organization (TASO) centers of South Western 
Uganda. The ultimate goal is to update the existing database of 
surrogate diagnostic biomarkers by showing that careful visual 
inspection of the oropharynx for surrogate diagnostic biomarkers 
(clinical signs and manifestations) of immunosuppression can 
impact the management and prognostic outcome of chronic 


devastating diseases such as HIV/AIDS. 
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MATERIALS AND METHODS 
Sample area, size and inclusion criteria 


Three main centers of The AIDS Support Organization “TASO”, 
located in three districts (Masaka, Rukunguri and Mbarara), and five 
outreach TASO centers (Katungu, Motoma, Kigarama, Ibwanda 
and Nyihanga), located in two districts (Bushenyi and Mbarara) 
all-in South-Western Uganda were used for this investigation. The 
pilot study which gave rise to this study lasted for 3 weeks one week 
for each of the 3 main TASO clinics in South Western Uganda. 
This study took place between July and December 2006 where data 
was collected, analysed and stored. 


The inclusion criterion for oral manifestations as candidate 
biomarkers in this study were that oral signs and manifestations 
should be: Visible early before any histopathological changes; 
indicative after active disease; sensitive, and should correlate with 
the severity of pathological outcome; accessible in the peripheral 
tissue; analytically stable in tissue so it can be measured; translational 
across species; associated with a known diseases mechanism and be 
can localize immune pathology. Consenting participants included 
TASO clients: currently registered and known HIV infected client 
above 18 years of age; have tested positive to HIV using an Enzyme 
Linked Immunosorbent Assay (ELISA) and any other immuno- 
serological method; have had his/her HIV infection clinically 
staged not earlier than two weeks prior to time of sample collection 
and be apparently physically healthy. 


A total of 304 (235 females and 69 males) patients with different 
oral lesions consented to participate in this study and were 
therefore recruited. This 304 sample size surveyed was guided by 
the upper limit required to give 95% level of confidence at an 
expected prevalence of about 74% [14] using the precise prevalence 
formula: Sample size (N)= Z2P (100-P)/D2 giving 296 samples, 
(Epi-info version 3.2 data-base; 1995), where Z is a constant given 
as (1.96), P is expected prevalence (74%) [14], and D is acceptable 
error (5%). Eight more samples were added arbitrarily just in 
case of drop out and unseen error making a total of 304 samples. 
Informed consent was sought and obtained from the following: 
Uganda National Council of Science and Technology, Kampala 
International University Research and Ethics Committee, The 
AIDS Support Organizations (TASO) at both local and National 
level and TASO clients (patients) through their informed consent. 


Mouth examination and sample collection: The diagnostic 
criterion for the oral lesion was according to World Health 
Organization’s established clinical criteria for HIV-associated oral 
lesions. The mouth examination of the TASO clients was done 
by a previously trained and calibrated [14] oral clinicians which 
included a clinical Microbiologist assisted by a retired dental 
surgeon and, a public dental health officer. 


Prior to field survey, the Clinical Microbiologist and assistant Dental 
Surgeon, were standardized for consistencies in examination of oral 
lesions to minimize inter examiners variability using the guidelines 
adopted in our earlier report [14]. Briefly, a gold standard (benchmark) 
examiner showed the examiners some photographic slides with 
clinical examples of classical oral signs and manifestations expected to 
be seen during the study. This was done to determine the examiners’ 
ability to uniformly identify and report oral manifestations and signs 
of immunosuppression with minimum inconsistency. The apparently 
health but HIV infected clients were examined in a room with a 
natural light while seated on an office chair and facing the window. 
The mouth was examined using natural light and a mouth mirror. A 
disposable wooden tongue depressor was used to retract the cheeks. 
Some clinical photographs of classical examples of the lesions were 
taken using digital camera. 
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RESULTS 


Table 1 and Figures 1-22 below shows representative 304 oral 
manifestations and signs of apparently healthy but HIV infected 
patients who participated in this study. Figures 1-5 depicts 
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representative photographs of 140 (46.1%) pseudomembranous 
candidiasis. Figures (6-9) depicts representative photographs of 53 
(17.4%) erythemathous candidiasis (Figures 6 & 7) and also 63 
(20.7%) shows erythemathous candidiasis found co-infecting with 


Table 1: Study of prevalence of oral lesion among the 304 HIV/AIDS patients. 


n=304 
Oral Lesions Number (%) positive 

No Exam 

Pseudo Candidiasis 140 (46.1) 
Angular Chelitis 7 (2.3) 

Eryth Candidiasis 53 (17.4) 
Kaposi sarcoma 9 (3.0) 
Rec Apth Ulceration 3 (1. 0) 
ANUG 1 (0.3) 

Pseudo & Eryth Cand 63 (20.7) 
Pseudo & Angular 18 (5.9) 
IOP 10 (3.3) 


n = Total number of population sampled, Rec Apth Ulceration = Recurrent Apthous Ulceration, ANUG = Acute Necrotizing Ulcerative Gingivities, 
Eryth = Erythematous, Pseudo = Pseudomembranous. No Exam=Number examined. IOP = Intra-Oral Pigmentation 


4 


Figure 1: Depicts Oral lesions of apparently healthy but HIV infected: Figures (1-5) are pseudomembranous candidiasis; Figures (6-9) are erythematous 
candidiasis; Figure (10) is linear gingival erythematous banding; Figures (11-15) are kaposi sarcoma early stages; Figures (16-18) are Angular cheilitis; 
Figures (19) is aphthouse ulceration; Figure (20) is Acute necrotizing ulcerative gingivitis ANUG while Figures (21-22) are intra-oral pigmentation distinct 
from common racial melanination and pigmentation due to antimicrobial agents. 
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Table 3: Detection and grading of AFB in ZN stained sputum smears. 


AFB Microscopy Number of cases (%) 

ABB status (n=155) 

Negative 53 (34.2%) 

Positive 102 (65.8%) 
AEB grading (n=102) 

1-9 AFB 10 (9.8%) 

1+ 14 (13.7) %) 

2+ 32 (31.4) %) 

oF 26 (25.5) %) 

Scanty 20 (19.6) %) 


pseudomembranouse candidiasis in (Figures 8 & 9). Figure 10 
shows linear gingival erythemathouse banding. Figures 11-15 shows 
Karposi sarcoma developmental stages and Figures 16-18 shows 
7 (2.3%) Angular cheilitis. Figure 19 shows 3 (1. 0%) aphthouse 
ulceration of anterior portion of the tongue. Figure 20 shows 1 
(0.3%) Acute necrotizing ulcerative gingivitis ANUG while Figures 
21 &22 shows 10 (3.3%) intra-oral pigmentation. 


DISCUSSION 


Though it may be difficult to define a diagnostic biomarker which 
has all possible characteristics, oral manifestation or signs recorded 
as diagnostic biomarkers in this study possessed the following 
qualities: Visible and suggestive early in disease process before onset 
of any histopathological changes; sensitive and correlates with the 
severity of immune pathology; accessible in the peripheral tissue; 
measurable and analytically stable in tissue; translational across 
species; associated with known disease mechanism and localize 
disease outcome [1,4]. HIV infection in sub-Saharan Africa remain 
a challenge because regional development and welfare depend 
upon measuring the impact of mortality and morbidity in those 
already infected with diagnostic tools that is costly, unavailable 
and inaccessible. Among the HIV infected population, those 
with unknown HIV status pose danger to the community because 
they may not avoid risky HIV transmission behaviours thereby 
contributing significantly to HIV transmission [15]. Although 
use of anti-retroviral therapy may present with chemotherapeutic 
symptoms and signs which needs monitoring with laboratory 
investigation, screening the population with reported surrogate 
diagnostic alternatives is still better than nothing [16,17]. Despite 
this limitation, the need for, and use of surrogate diagnostic 
biomarkers can still be reeemphasized as key to the feasibility of 
voluntary testing and counselling in hard-to reach communities, 
helping TASO to reach out to greater percentage of the teaming 
population of old and new HIV patients at the grass root [16-19]. 


Because many TASO patients are located in remote villages where 
services are rare with no laboratory services, need for cheap, 
available accessible relevant diagnostic alternative candidate 
surrogate biomarkers that would define the signature pattern of 
early immunosuppressive. Competency in the use of mere visual 
inspection of the mouth to diagnose immunosuppression remain 
promising and could be the answer to diagnosis in resource limited 
rural settings [7]. AIDS defining opportunistic infections heralds 
the emergence of HIV immunosuppression but changing diseases 
epidemiological factors demands use of tools that will offer more 
diagnostic precision in resources poor [20-22]. Even if this study is 
taken as one of the many sporadic reports about oral manifestation 
in African HIV disease, putting the observations in the context 
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of biomarkers will encourage clinicians and research scientist as 
more questions and get more answers for the better health of 
the patients. Thus, in-depth descriptive analysis of various oral 
manifestations prevalent among consenting apparently health but 
HIV infected participants may usher in a new diagnostic horizon 
with use of surrogate markers of immunosuppression in unknown 
HIV population [8,23]. Oral manifestation is known prognostic 
markers of: HIV infection, disease progression, selected AIDS- 
related immunosuppressive illnesses, the decline in numbers of 
CD4+ cells as well as the corresponding increase in viral load [24- 


26]. 


In (Figures1-5), diagnosed as Pseudomembranous Candidiasis (PC), 
observed presence of removable creamy whitish plaques on all the 
oral mucosal surfaces may be associated with initial and progressive 
immune deterioration represented by CD4<400 and the white non 
removable plaque seen in Figure 3, may be associated with severe 
immune suppression and risk for oral carcinoma [27,28]. A rare 
observation of esophageal Candidosis pattern was seen in Figure 1 
showing entire uvula, soft palate and tonsils being affected and 
may depict tendencies to cause uvulitis and tonsillitis (Figure 1). 
Based on duration of HIV sero-positivity, three unique types of 
PC manifestation stood out. Among consenting 50.2% of group 
one patients who knew their HIV status for 2 years, PC covered 
the entire dorsum of the tongue concentrating more on central 
sulcus (towards the posterior one third) which mark the fusion of 
the tongue during development, (Figure 5). In group two found 
among 41.0% of the patients who knew their status for 2-7years PC 
concentrated on the periphery of the mouth dorsum leaving out 
the median plain where the central sulcus is located (Figure 4). In 
group three, found among 6.6% of patients who knew their status 
for 7-12years, PC left the median plain, was less on the periphery 
and margins of the tongue, but concentrated on the posterior one 
third of tongue dorsum and heaviest on oropharynx (Figures 1 & 
5). It was not clear why PC which covered entire tongue dorsum 
left a unique central margin where the vallate papillae are located 
(Figure 5). Further test using Immuno-Histo-Chemical technology 
is recommended to see if more information on the histology, 
Immunology and Chemistry of the location can be obtained. 


Although Erythematous Candidiasis (EC), supposed 
to represent early HIV infection, is underreported due to 
misdiagnosis or under diagnoses, (Figures 6-9) may then represent 


which 


classical manifestation of EC in apparently healthy but HIV 
infected population in Uganda [29]. This study reveals EC being 
predominant in both early and late disease onset. Thus, the EC 
was very conspicuous, characteristically removed of all the oral 
mucous membranes exposing the muscles of the tongue but not 
the hard/soft palates [28,29]. Patients with EC mostly complained 
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of no taste when eating normal food, oral burning, while eating 
salty or spicy foods or drinking acidic beverages. It is not common 
to see people live with HIV for 10 years and still remain apparently 
healthy outside when the mouth is systematically dilapidated. 
Again, a close look at the 50.2% of patients who knew their HIV 
status for 2 years, showed that patients had EC which covered the 
central dorsum of the tongue where the central sulcus is located 
leaving PC at the margin of tongue (Figures 8 & 9). The 41.0% 
of the patients who knew their status for 2-7years, had also had 
EC found on the anterior two third of tongue dorsum, having 
removed the mucous covering of the tongue exposing the tongue 
muscles (Figure 7). Again 6.6% of patients who knew their status 
for 7-12years, had EC which had become severe in the entire 
tongue dorsum (Figures 6 & 7), and later succeeded in creating a 
median furrow along the central sulcus, which marked the fusion 
of the two halves of the tongue during development. 


An individual, fiery, red band along the margin of the gingiva, seen 
on the anterior teeth (Figure10), was identified as linear gingival 
erythematous banding [27,28,30]. While the significance of linear 
gingival erythematous banding as biomarker of HIV infection is 
being debated with respect to its existence in non-HIV-infected 
population; and whether it is restricted to adult infected HIV 
patients, efforts should be made to confirm or rule out its diagnosis 
in the context of underlying immunosuppression. 


Two distinct types of oral Kaposi sarcoma mass were observed 
among the apparently health but HIV infected and consenting 
participants. Smooth segmented lobelike mass (Figure 13) and 
rough continuous none segmented mass (Figure 15), seen among 
those who knew their status for 7-12 years (Figures 11-15). Smooth 
segmented lobe-like mass may have emerged from red spots on the 
palates (Figure 11) because of the observed red spots along with 
smaller smooth mass (Figure 12) and red spots found along side 
with the Smooth segmented lobe-like mass (Figure 13). The rough 
continuous non segmented mass (Figure 15) may have emerged 
from brown to black pigmented palate (Figure 14), though smaller 
mass was not seen among the studied participants. Red spots and 
brown pigmentation were seen among patients who knew their 
status for up to 2 years and red spots with smaller mass was seen 
among participants who knew their status for 2-7 years. The rough 
mass emerging from the brown or black pigmentation were not 
seen among those who had lived with the virus for 2-7 years. This 
observation indicates immune deterioration among apparently 
healthy but HIV infected population. All patients with similar 
lesions like those in (Figures 11-15) were referred for histological 
confirmation as KS or non-Hodgkin’s lymphoma and for adequate 
therapy. It was not clear why KS were most prevalent in one 
village (Ibwanda) located in Mbarara District. A follow-up study 
is therefore recommended to determine the possible risk factors. 
Cross-sectional studies have associated low CD4+ lymphocyte 
counts with the presence of oral Kaposi sarcoma [30] and even non- 
Hodgkin lymphoma [31] in cases where KS has been differentiated 
from non-Hodgkin lymphoma making both condition suitable 
surrogate biomarkers for immune suppression in apparently health 
population. 


Angular Chelitis (AC) presented as erythema and fissuring of the 
corners of the mouth was common in all stages of HIV infection 
(Figures 16-18), similar to the published reports [28,32]. Recurrent 
Aphthous Ulceration (RAU); Figure-19 presented as painful ulcers 
on the non-keratinized oral mucosa, soft palate, and ventral aspect 
of the tongue. Pain due to RAU was mostly noted to increase upon 
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eating salty, spicy or acidic foods and beverages as well as due to 
trauma when consuming hard or rough foods. Acute Necrotizing 
Ulcerative Gingivitis (ANUG) presented as painful necrotic ulcers 
of the tip of inter dental papillae, spreading along the marginal 
gingiva and affecting soft tissues only (Figure 20). It is reported to 
be less severe than Necrotizing Ulcerative Gingivitis (NUG) and 
may be induced by stress or poor diet [33]. Cross sectional studies 
have been reported which related low CD4 cell count with the 
presence of this type of lesion [30] making both ANUG a suitable 
surrogate biomarker for immune suppression in apparently health 
population. 


Intra-Oral Pigmentations (IOP); (Figures 21 & 22), a rarely reported 
manifestation in this region were seen presenting on the entire 
tongue dorsum, margin, cheeks, posterior one third and anterior 
two third of the tongue (Figures 21 & 22) [34-36]. Ranganathan 
et al., [37] reported in South India that its occurrence is 
possibly due to increased melanin pigmentation in skin and 
oral mucosa. Some of the reasons that have been put forward to 
explain the intraoral pigmentation especially in HIV infection 
are increased release of [-melanocyte stimulating hormone 
(-MSH) due to deregulated release of cytokines in HIV disease; 
use of melanocyte stimulating drugs: Certain antiretroviral, 
antifungals and Addison’s disease [33,34,37]. In South Western 
Uganda, it is thought that this form of pigmentation is genetic 
and therefore inherited from birth. 


The observation of 40.9% mixed infection of PC with other oral 
lesions especially among people living with HIV for longer period 
up to 12 years might suggest possible need for correlation with 
immune deterioration an observation that needs further studies 
equivalent to known CD4+ correlation studies with oral lesions. 
However, these defects may be partly compensated by preserved 
host defense mechanisms (calprotectin, keratinocytes, CD8+ T 
cells, and phagocytes) which, individually or together, may limit 
Candida albicans proliferation to the superficial mucosa [38]. 


The known evidences suggest a number of hypothetical defects 
which may underlie the susceptibility to mucosal candidiasis in HIV- 
infection.. These include the fact that depletion of Langerhans' 
cells and their reduced expression of Major Histocompatibility 
Cells (MHC) class II molecules and IL-12 probably perturb the 
development of Candidaspecific CD4+ Th1 cells which are 
instrumental in orchestrating a protective adaptive cell-mediated 
immune response to C. albicans in the oral and esophageal mucosa 
[39]. Inaddition, the depletion of CD4+ cells anda shiftin expression 
from Thl to Th2 cytokines may reduce the anti-candidal activity of 
macrophages and PMNs and thus trigger the onset of OPC. Partly, 
preserved expression of MHC class I antigens on Langerhans' cells 
may also allow the recruitment of a compensatory protective CD8+ 
T-cell response to C. albicans in the mucosa despite HIV infection; 
this, combined with the anti-candidal activity of preserved innate 
defense mechanisms (calprotectin and keratinocytes), may limit 
the proliferation of C. albicans to the mucosa and prevent systemic 
dissemination to deep organs [29,39]. 


Oral Keratinocytes are of primary importance in the pathogenesis 
of OPC since they: constitute a physical barrier; function as fixed 
or immobile immunocytes; are capable of producing a number 
of factors (TNF, IL-1, IL-3, IL6, etc.), involved in up-regulating 
and down-regulating immune responses and express the adhesion 
molecules CD54 and CD58 [39]. Oral epithelial keratinocytes are 
thus equipped with numerous redundant defense mechanisms, 
acting either directly or indirectly against the continuous microbial 
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challenge at the oral mucosal surface. The role of keratinocytes in 
host protection against Candida at mucosal surfaces appears likely, 
since C. albicans hyphae are restricted to the upper layers of the oral 
epithelium in OPC and are some distance away from lymphocytes 
and Langerhans' cells located in deeper layers [33,34]. 


CONCLUSION 


In conclusion, oropharyngeal manifestations reported in this 
study matched what other researchers had reported elsewhere as 
indicators of immunosuppression and they also qualify for use as 
surrogate biomarkers of immune suppression in remote hard to 
reach settings of resource poor Countries. Updated correlation 
studies of observed biomarkers with CD4 cells and with pattern of 
disease comorbidities are highly recommended. 
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